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(57) ABSTRACT

A color filter array of a color imaging element is formed with
abasic array pattern repeatedly disposed in a horizontal direc-
tion and a vertical direction. The basic array pattern is formed
with RGB filters arrayed in an array pattern corresponding to
5%5 pixels in the horizontal direction and the vertical direc-
tion. A ratio of all pixel numbers of a G pixel is made larger
than a ratio of a pixel number of each color of RB. The G filter
is disposed in each line in the horizontal, vertical and oblique
directions of'the color filter array. One or more R and B filters
are disposed in each filter line in the horizontal and vertical
directions of the color filter array in the basic array pattern.
Filters of different colors are adjacently disposed in each of
the horizontal, vertical and oblique directions of the R and B
filter.
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1
COLOR IMAGING ELEMENT AND IMAGING
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a Continuation of PCT International
Application No. PCT/JP2013/068232 filed on Jul. 3, 2013,
which claims priority under 35 U.S.C §119(a) to Japanese
Patent Application No. 2012-152679 filed on Jul. 6, 2012.
Each of the above applications is hereby expressly incorpo-
rated by reference, in their entirety, into the present applica-
tion.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a color imaging element
and an imaging device, in particular, to a color imaging ele-
ment capable of reducing occurrence of color moire and
realizing high resolution, and an imaging device using such a
color imaging element.

2. Description of the Related Art

In a single-plate color imaging element, since a monochro-
matic color filter is set on each pixel, each pixel has only
monochrome color information. Therefore, since an output
image of the single-plate color imaging element is a RAW
image (mosaic image), a multi-channel image is acquired by
processing (demosaicing process) that interpolates a missing
color pixel with a surrounding pixel. In this case, there is a
problem in reproduction characteristic of a high-frequency
image signal, and aliasing easily occurs in a taken image of
the color imaging element as compared with a black-and-
white imaging element. Therefore, it is an important problem
to expand a reproduction band and achieve high resolution
while reducing the occurrence of color moire (false color).

Inaprimary color Bayer array that is a color array ofa color
filter that is used in the single-plate color imaging element
most widely, green (G) pixels are disposed in a checkered
pattern and red (R) and blue (B) are disposed in a line-
sequential manner. Therefore, there is a problem in reproduc-
tion precision when generating a high frequency signal in
which G signals are in the oblique direction and R and B
signals are in the horizontal and vertical directions.

In a case where a black-and-white stripe pattern (high-
frequency image) as illustrated in portion (A) of FIG. 22
enters a color imaging element having a color filter of the
Bayer array illustrated in portion (B) of FIG. 22, when this is
distributed according to the Bayer color array and compari-
son is performed in each color, as illustrated in portions (C) to
(E) of FIG. 22, R becomes a mosaic color image of light and
flat, B becomes a mosaic color image of dark and flat, and G
becomes a mosaic color image of light and shade. That is, it is
essentially a black-and-white image and concentration difter-
ence (level difference) is not caused among RGB, but it enters
a state where the image is colored depending on the color
array and an input frequency.

Similarly, in a case where an oblique black-and-white
high-frequency image as illustrated in portion (A) of FIG. 23
enters an imaging element having a color filter of the Bayer
array illustrated in portion (B) of FIG. 23, when this is dis-
tributed according to the Bayer color array and comparison is
performed in each color, as illustrated in portions (C) to (E) of
FIG. 23, R and B become a color image of light and flat and
G becomes a color image of dark and flat. If a value of black
is assumed to be 0 and a value of white is assumed to be 255,
only G becomes 255 and therefore the oblique black-and-
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2

white high-frequency image becomes green. Thus, in the
Bayer array, it is not possible to correctly reproduce an
oblique high-frequency image.

In general, it is avoided by disposing an optical low-pass
filter including a birefringent material such as crystal in front
of the color imaging element and optically decreasing the
high frequency in the imaging device using single-plate color
imaging elements. However, it is possible to mitigate coloring
by the aliasing of high-frequency signals in this method, but
there is a problem that resolution degrades due to the negative
effect.

To solve such a problem, there is suggested a color imaging
element where a color filter array of a color imaging element
is assumed to be a three-color random array satistying array
restriction conditions in which an arbitrary target pixel is
adjacent to three colors including a color of the target pixel on
any of four sides of the target pixel (Japanese Patent Appli-
cation Laid-Open No. 2000-308080: PTL 1).

Moreover, there is suggested an image sensor of a color
filter array (color imaging element) where the image sensor
includes a plurality of filters with different spectral sensitivi-
ties, and a first filter and a second filter among them are
alternately disposed in a first period in one diagonal direction
of'apixel grid of the image sensor and are alternately disposed
in a second period in the other diagonal direction (Japanese
Patent Application Laid-Open No. 2005-136766: PTL 2).

In addition, there is suggested a color array where, in a
color solid-state imaging element of three primary colors of
RGB (color imaging element), a set of three pixels in which
R, G and B are horizontally disposed are disposed in a zigzag
manner in a vertical direction to make appearance probabili-
ties of RGB respectively equal and to cause an arbitrary line
(horizontal, vertical and oblique lines) on an imaging plane to
pass through all colors (Japanese Patent Application Laid-
Open No. 11-285012: PTL 3).

Furthermore, there is suggested a color imaging element
where R and B among three primary colors of RGB are
disposed every three pixels in horizontal and vertical direc-
tions and G is disposed between R and B (Japanese Patent
Application Laid-Open No. 8-023543: PTL 4).

SUMMARY OF THE INVENTION

In the color imaging element described in PTL 1, since the
filter array is random, when demosaicing process is per-
formed in a subsequent stage, optimization has to be per-
formed every random pattern, and there is a problem that the
demosaicing process becomes complex. Moreover, in a ran-
dom array, it is effective for color moire of low frequency but
is not effective for a false color of a high-frequency part. Here,
the demosaicing process denotes processing that calculates
color information on all of the RGB pixels from the mosaic
images of RGB according to the color filter array of the
single-plate color imaging element (conversion into a simul-
taneous type), and also denotes demosaicing processing or
synchronization processing (which are equal in this specifi-
cation).

Moreover, in the color imaging element described in PTL
2, since the G pixels (brightness pixels) are disposed in a
checkered pattern, there is a problem that the pixel reproduc-
tion precision in a limit resolution area (especially in an
oblique direction) is not good.

In the color imaging element described in PTL 3, since
there are filters of all colors on an arbitrary straight line, there
is an advantage that it is possible to suppress the occurrence of
the false color. Meanwhile, in the color imaging element
described in PTL 3, since the ratios of the pixel numbers of
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RGB are equal, there is a problem that the high frequency
reproducibility deteriorates as compared with a Bayer array.
Here, in the case of the Bayer array, the ratio of the pixel
number of G that contributes most to acquire a brightness
signal is twice the pixel number of each of R and B.

Meanwhile, in the color imaging element described in PTL
4, the ratio of the pixel number of G is six times that of the
pixel number of each of R and B, which is higher than that of
the Bayer array, a filter line of only the G pixel exists in the
horizontal or vertical direction, and therefore it is not effec-
tive for a false color of a high-frequency part.

The present invention is made in view of such circum-
stances, it is an object to provide a color imaging element that
can reduce the occurrence of false colors, achieve high reso-
Iution and simplify processing in the subsequent stage as
compared with a random array in the related art. Moreover, it
is an object of the present invention to provide an imaging
device using such a color imaging element.

A color imaging element to achieve the object of the
present invention is a single-plate color imaging element
including: multiple pixels including photoelectric conversion
elements arrayed in a first direction and a second direction
which is perpendicular to the first direction; and color filters
which are respectively arrayed on the multiple pixels,
wherein: an array of the color filters includes a basic array
pattern in which the color filters are arrayed in an array pattern
corresponding to NxN (N is an odd number equal to or greater
than 5) pixels in the first direction and the second direction,
and the array is formed by repeatedly disposing the basic
array pattern in the first direction and the second direction; the
color filters include a first filter corresponding to a first color
of one or more colors and second filters corresponding to
second colors of two or more colors whose contribution ratio
to acquire a brightness signal is lower than that of the first
color, and a ratio of all pixel numbers of the first color corre-
sponding to the first filter is larger than a ratio of a pixel
number of each color of the second colors corresponding to
the second filters; one or more first filters are disposed in a
filter line in each direction including the first direction, the
second direction, and a third direction and a fourth direction
that incline to the first direction and the second direction, in
the array of the color filter; each of the second filters of each
color of the second colors is disposed in each filter line in the
first direction and the second direction in the basic array
pattern one by one; and, in the second filter of at least one
color in the array of the color filter, the second filter or the first
filter of a different color from that second filter is adjacently
disposed in each direction including the first direction to the
fourth direction.

Moreover, a color imaging element to achieve the object of
the present invention is a single-plate color imaging element
including: multiple pixels including photoelectric conversion
elements arrayed in a first direction and a second direction
which is perpendicular to the first direction; and color filters
which are respectively arrayed on the multiple pixels,
wherein: an array of the color filters includes a basic array
pattern in which the color filters are arrayed in an array pattern
corresponding to NxN (N is an odd number equal to or greater
than 5) pixels in the first direction and the second direction,
and the array is formed by repeatedly disposing the basic
array pattern in the first direction and the second direction; the
color filters include a first filter corresponding to a first color
of one or more colors whose transmittance peak is within a
wavelength range from 480 nm or more to 570 nm or less, and
second filters corresponding to second colors of two or more
colors whose transmittance peak is outside the range, and a
ratio of all pixel numbers of the first color corresponding to
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the first filter is larger than a ratio of a pixel number of each
color of the second colors corresponding to the second filters;
one or more first filters are disposed in a filter line in each
direction including the first direction, the second direction,
and a third direction and a fourth direction that incline to the
first direction and the second direction, in the array of the
color filter; each of the second filters of each color of the
second colors is disposed in each filter line in the first direc-
tion and the second direction in the basic array pattern one by
one; and, in the second filter of at least one color in the array
of the color filter, the second filter or the first filter of a
different color from that second filter is adjacently disposed in
each direction including the first direction to the fourth direc-
tion.

Moreover, a color imaging element to achieve the object of
the present invention is a single-plate color imaging element
including: multiple pixels including photoelectric conversion
elements arrayed in a first direction and a second direction
which is perpendicular to the first direction; and color filters
which are respectively arrayed on the multiple pixels,
wherein: an array of the color filters includes a basic array
pattern in which the color filters are arrayed in an array pattern
corresponding to NxN (N is an odd number equal to or greater
than 5) pixels in the first direction and the second direction,
and the array is formed by repeatedly disposing the basic
array pattern in the first direction and the second direction; the
color filters include a first filter corresponding to a first color
of one or more colors and second filters corresponding to
second colors of two or more colors whose transmittance is
lower than that of the first filter within a wavelength range
from 500 nm or more to 560 nm or less, and a ratio of all pixel
numbers of the first color corresponding to the first filter is
larger than a ratio of a pixel number of each color of the
second colors corresponding to the second filters; one or more
first filters are disposed in a filter line in each direction includ-
ing the first direction, the second direction, and a third direc-
tion and a fourth direction that incline to the first direction and
the second direction, in the array of the color filter; each of the
second filters of each color of the second colors is disposed in
each filter line in the first direction and the second direction in
the basic array pattern one by one; and, in the second filter of
at least one color in the array of the color filter, the second
filter or the first filter of a different color from that second
filter is adjacently disposed in each direction including the
first direction to the fourth direction.

Moreover, a color imaging element to achieve the object of
the present invention is a single-plate color imaging element
including: multiple pixels including photoelectric conversion
elements arrayed in a first direction and a second direction
which is perpendicular to the first direction; and color filters
which are respectively arrayed on the multiple pixels,
wherein: an array of the color filters includes a basic array
pattern in which the color filters are arrayed in an array pattern
corresponding to NxN (N is an odd number equal to or greater
than 5) pixels in the first direction and the second direction,
and the array is formed by repeatedly disposing the basic
array pattern in the first direction and the second direction; the
color filters include first filters corresponding to first colors of
two or more colors including a color that most contributes to
a brightness signal among three primary colors and a fourth
color that is a different color from the three primary colors,
and second filters corresponding to second colors of two or
more colors other than the first colors, and a ratio of all pixel
numbers of each color of the first colors corresponding to the
first filters is larger than a ratio of a pixel number of each color
of'the second colors corresponding to the second filters; one
or more first filters are disposed in a filter line in each direc-



US 9,324,749 B2

5

tion including the first direction, the second direction, and a
third direction and a fourth direction that incline to the first
direction and the second direction, in the array of the color
filter; each of the second filters of each color of the second
colors is disposed in each filter line in the first direction and
the second direction in the basic array pattern one by one; and,
in the second filter of at least one color in the array of the color
filter, the second filter or the first filter of a different color from
that second filter is adjacently disposed in each direction
including the first direction to the fourth direction.

According to the present invention, since one or more first
filters are disposed in the filter line in each direction of the first
to fourth directions of the array ofthe color filter, it is possible
to improve the reproduction precision of demosaicing pro-
cessing in a high-frequency area.

Moreover, since one or more second filters of each color are
disposed in each filter line in the first direction and second
direction of the array of the color filter in the basic array
pattern, it is possible to reduce the occurrence of color moire
(false color) and achieve high resolution.

Moreover, since predetermined basic array patterns are
repeatedly disposed in the horizontal direction and the verti-
cal direction in the array of the color filter, it is possible to
perform processing according to the repeating pattern when
performing demosaicing processing in the subsequent stage,
and simplify the processing in the subsequent stage as com-
pared with a random array in the related art.

Moreover, since the ratio of the pixel number of the first
color corresponding to the first filter is made larger than the
ratio of the pixel number of each color of the second colors
corresponding to the second filters, the aliasing can be sup-
pressed and the high-frequency reproducibility is also good.

Moreover, in each direction including the first direction to
the fourth direction in the second filter of at least one color, the
first filter or second filter of a different color from that second
filter is adjacently disposed, and therefore the second filter is
equally disposed in the array of the color filter. By this means,
it is possible to accurately perform demosaicing processing of
pixels of the second color.

It is preferable that the contribution ratio of the first color to
acquire a brightness signal is equal to or greater than 50% and
the contribution ratio of the second colors to acquire the
brightness signal is less than 50%. Since one or more first
filters whose contribution ratio to acquire a brightness signal
is higher than that of the second filter are disposed in the filter
line in each direction of the first to fourth directions of the
array of'the color filter, it is possible to improve the reproduc-
tion precision of demosaicing processing in a high-frequency
area.

It is preferable that, in the each direction of the second filter
of each color of the second colors in the basic array pattern,
the second filter of a different color from that second filter or
the first filter is adjacently disposed. By this means, the sec-
ond filters of each color are equally disposed in the array of
the color filter.

It is preferable that: the basic array pattern includes a filter
line in which the first filter and the second filters correspond-
ing to each color of the second colors are arrayed in the first
direction, and is formed by arraying multiple filter arrays in
the second direction; and positions of the second filters cor-
responding to each color of the second colors are shifted in the
first direction every filter line in the basic array pattern and
disposed. By this means, the second filters of each color are
equally disposed in the array of the color filter.

Itis preferable that, when a direction different from the first
direction by 6° shown by an equation (1) is assumed to be a
fifth direction, oblique filter arrays of each color, which are
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formed by separately disposing the second filters correspond-
ing to each color of the second colors along the fifth direction
at regular intervals, are disposed at regular intervals along the
second direction. By this means, the second filters of each
color are equally disposed in the array of the color filter.

O=tan~'(15) Equation (1)

It is preferable that one or more second filters correspond-
ing to each color of the second colors are disposed in a filter
line in the third direction and the fourth direction in the array
of'the color filter. By this means, it is possible to reduce color
moire (false color) that may be caused by an input image
having the high-frequency component in the third and fourth
directions.

It is preferable that, in each direction of the second filter of
one color among each color of the second colors in the basic
array pattern, the second filter of a different color from that
second filter or the first filter is adjacently disposed. The
second filters of one color are equally disposed in the array of
the color filter.

Itis preferable that the basic array pattern includes a square
array corresponding to 2x2 pixels including the first filter. By
this means, since the square array corresponding to 2x2 pixels
including the first filter is included in the array of the color
filter, it is possible to determine a direction with higher cor-
relation among each direction including the first direction to
the fourth direction, by the use of the pixel values of these 2x2
pixels.

Itis preferable that, when a direction different from the first
direction by 6° shown by an equation (1) is assumed to be a
fifth direction, oblique filter arrays formed by disposing the
second filters of one color among each color of the second
colors at regular intervals along the fifth direction, are dis-
posed at regular intervals along the second direction. By this
means, the second filters of one color are equally disposed in
the array of the color filter.

O=tan"!(15) Equation (1)

It is preferable that, when the color filter is a square shape,
the third direction and the fourth direction are different by 45°
with respect to the first direction and the second direction
respectively.

It is preferable that the first colors include at least any of
green and transparency.

It is preferable that the second colors include red and blue.

An imaging device to achieve the object of the present
invention includes: an imaging optical system; a color imag-
ing element in which an object image is formed through the
imaging optical system; and an image data generation unit
configured to generate image data showing the formed object
image, where the color imaging element is the color imaging
element according to any of the above-mentioned modes.

In the color imaging element and imaging device of the
present invention, the first filter is disposed in the filter line of
each direction of the first to fourth directions of a color filter
array and the ratio of the pixel number of the first color
corresponding to the first filter is made larger than the ratios of
the pixel numbers of the second colors that are two or more
colors excluding the first color and correspond to the second
filter. Therefore, it is possible to improve the reproduction
precision of demosaicing processing in a high-frequency area
and suppress the aliasing.

Moreover, one or more second filters corresponding to
each color of second colors of two or more colors are disposed
in each filter line in the first direction and the second direction
of the array of the color filters in the basic array pattern.
Therefore, it is possible to reduce occurrence of color moire
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(false color) and achieve high resolution. In addition, since
the second filters of at least one color are equally disposed in
the array of the color filter, it is possible to accurately perform
demosaicing processing of pixels corresponding to this sec-
ond filter.

Moreover, in the array of the color filter, since predeter-
mined basic array patterns are repeated in the first direction
and the second direction, it is possible to perform processing
according to the repeating pattern when performing demosa-
icing processing in the subsequent stage. By this means, it is
possible to simplify the processing in the subsequent stage as
compared with a random array in the related art.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating an electrical configu-
ration of a digital camera;

FIG. 2 is a front view of an imaging surface of a color
imaging element;

FIG. 3 is a front view of a color filter array of the first
embodiment;

FIG. 4 is an enlarged view of a basic array pattern in FIG.
3;

FIG. 5 is an explanatory diagram to describe a diagonal
filter array;

FIG. 6 is an enlarged view that enlarges a part in FIG. 5;

FIG. 7 is an explanatory diagram to describe multiple kinds
of basic array patterns;

FIG. 8 is a front view of a color filter array of a second
embodiment;

FIG. 9 is an explanatory diagram to describe a diagonal
filter array of the second embodiment;

FIG. 10 is a front view of a color filter array of a 2-1st
embodiment;

FIG. 11 is an enlarged view of a basic array pattern of a
color filter array of a 2-2nd embodiment;

FIG. 12 is an enlarged view of a basic array pattern of a
color filter array of a 2-3rd embodiment;

FIG. 13 is a front view of a color filter array of a third
embodiment having a transparent filter;

FIG. 14 is a graph illustrating spectral sensitivity charac-
teristic of the color filter array of the third embodiment;

FIG. 15 is a front view of a color filter array of a fourth
embodiment having two kinds of G filters;

FIG. 16 is a graph illustrating spectral sensitivity charac-
teristic of the color filter array of the fourth embodiment;

FIG. 17 is a front view of a color filter array of a fifth
embodiment having an emerald filter;

FIG. 18 is a graph illustrating spectral sensitivity charac-
teristic of the color filter array of the fifth embodiment;

FIG. 19 is a front view of a basic array pattern of other
embodiments in which the basic array pattern of the first
embodiment is changed to a basic array pattern correspond-
ing to 7x7 pixels;

FIG. 20 is a front view of a basic array pattern of other
embodiments in which the basic array pattern of the second
embodiment is changed to a basic array pattern correspond-
ing to 7x7 pixels;

FIG. 21 is a front view of a color filter array of another
embodiment with a color filter array as a honeycomb array;

FIG. 22 is a diagram used to describe a problem of a color
imaging element having a color filter of a Bayer array in the
related art; and

FIG. 23 is another diagram used to describe a problem of'a
color imaging element having a color filter of a Bayer array in
the related art.
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DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[Entire Configuration of Digital Camera]

FIG. 1 is a block diagram of a digital camera 9 (imaging
device) including a color imaging element according to the
present invention. The digital camera 9 includes an imaging
optical system 10, a color imaging element 12, an imaging
processing unit 14, an image processing unit 16, a driving unit
18 and a control unit 20.

The imaging optical system 10 forms an object image on an
imaging surface of the color imaging element 12. The color
imaging element 12 is a so-called single-plate color imaging
element including multiple pixels formed with photoelectric
conversion elements two-dimensionally arrayed on the imag-
ing surface, and a color filter provided above the light receiv-
ing surface of each pixel. Here, “on” and “above” indicate the
direction on the side on which object light enters the imaging
surface of the color imaging element 12.

The object image formed on the color imaging element 12
is converted into a signal charge corresponding to the amount
of incident light by the photoelectric conversion element of
each pixel. The signal charge accumulated in each photoelec-
tric conversion element is sequentially read from the color
imaging element 12 as a voltage signal (image signal) corre-
sponding to the signal charge on the basis of a drive pulse
given from the driving unit 18 according to an instruction of
the control unit 20. The image signals read out from the color
imaging element 12 are R, G and B signals showing the
mosaic images of red (R), green (G) and blue (B) correspond-
ing to the color filter array of the color imaging element 12.
Here, the color imaging element 12 may be other kinds of
imaging elements such as a CCD (Charge Coupled Device)
imaging element and a CMOS (Complementary Metal Oxide
Semiconductor) imaging element.

The image signals read out from the color imaging element
12 are input in the imaging processing unit 14 (image data
generation unit). The imaging processing unit 14 includes a
correlation double sampling circuit (CDS) to remove reset
noise included in the image signals, an AGC circuit to amplify
the image signals and control them to be a certain level, and an
A/D converter. This imaging processing unit 14 outputs RAW
data, which is formed by performing correlation double sam-
pling processing on the input image signals and amplifying
and converting them into digital image signals, to the image
processing unit 16. Here, in a case where the color imaging
element 12 is an MOS imaging element, the A/D converter is
often built into in the imaging element, and there may be a
case where the above-mentioned correlation double sampling
is not required.

The image processing unit 16 (image data generation unit)
includes a white balance correction circuit, a gamma correc-
tion circuit, a demosaicing process circuit (a processing cir-
cuit that calculates color information on all of the RGB pixels
from the mosaic images of RGB according to the color filter
array of the single-plate color imaging element 12 (conver-
sion into a simultaneous type)), a brightness/color difference
signal generation circuit, an outline correction circuit and a
color correction circuit, and so on. The image processing unit
16 applies necessary signal processing to the RAW data of
mosaic images input from the imaging processing unit 14
according to an instruction from the control unit 20, generates
RGB pixel signals having color information on all of the RGB
pixels, and, based on this, generates image data (YUV data)
formed with brightness data (Y data) and color difference
data (Cr and Cb data).
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As for the image data generated in the image processing
unit 16, a still image is subjected to compression processing
in accordance with the JPEG standards by a compression/
extension processing circuit, and a moving image is subjected
to compression processing in accordance with the MPEG2
standards and subsequently recorded in unillustrated record-
ing media (for example, a memory card) or output to and
displayed on display means (not illustrated) such as a liquid
crystal monitor. Here, in the present embodiment, the record-
ing media are not limited to the one attachable to and detach-
able from the digital camera 9 and may be built-in magneto-
optic recording media, and the display means is not limited to
the one included in the digital camera 9 and may be an
external display connected with the digital camera 9.

[Color Imaging Element]

As illustrated in FIG. 2, multiple pixels 21 formed with
photoelectric conversion elements PD two-dimensionally
arrayed in the horizontal direction and vertical direction are
installed in the imaging surface of the color imaging element
12. Here, the horizontal direction corresponds to one direc-
tion of the first direction and second direction of the present
invention, and the vertical direction corresponds to the other
direction of the first direction and second direction of the
present invention.

As illustrated in FIG. 3, a color filter array 22 formed with
the color filter arranged on each pixel 21 is provided on the
imaging surface of the color imaging element 12. The color
filter array 22 is formed with color filters (hereinafter referred
to as “R filter”, “G filter” and “B filter””) 23R, 23G and 23B of
three primary colors of red (R), green (G) and blue (B).
Further, any of RGB filters 23R, 23G and 23B is disposed on
each pixel 21. In the following, a pixel on which the R filter
23R is disposed is referred to as “R pixel”, a pixel on which
the G filter 23G is disposed is referred to as “G pixel”, and a
pixel on which the B filter 23B is disposed is referred to as “B
pixel”.

Here, the G color corresponds to the first color of the
present invention, and the G filter 23G corresponds to the first
filter of the present invention. Moreover, the R color and the
B color correspond to the second color of the present inven-
tion, and RB filters 23R and 23B correspond to the second
filter of the present invention. Any of the R filter 23R and the
B filter 23B which belong to the second color filter is also
referred to as “RB filter” below.

[Color Filter Array of the First Embodiment]

The color filter array 22 has following features (1), (2), (3),
(4), (5) and (6).

[Feature (1)]

As illustrated in FIGS. 3 and 4, the color filter array 22
includes a basic array pattern P1 that is a square array pattern
corresponding to 5x5 pixels, and this basic array pattern P1 is
repeatedly disposed on the horizontal direction (H) and the
vertical direction (V). Therefore, the R filter 23R, the G filter
23G and the B filter 23B of the respective colors are arrayed
in a predetermined period in the color filter array 22. There-
fore, when performing demosaicing process or the likeon R,
G and B signals read out from the color imaging element 12,
it is possible to perform processing according to a repeating
pattern. As a result, it is possible to simplify processing in the
subsequent stage as compared with a random array in the
related art.

Moreover, in a case where thinning processing is per-
formed in units of the basic array pattern P1 to reduce an
image, a color filter array after the thinning processing can be
assumed to be the same as a color filter array before the
thinning processing, and it is possible to use a common pro-
cessing circuit.

10

15

20

25

30

35

40

45

50

55

60

65

10

In the basic array pattern P1, five kinds of filter lines 25a,
25b, 25¢, 25d and 25¢ parallel to the horizontal direction are
arrayed in the vertical direction (see FIG. 4). Each of the filter
lines 25a to 25e is formed by arraying three 3 G filters 23G,
one R filters 23R and one B filter 23B in the horizontal
direction, and the disposition of the RGB filters 23R, 23G and
23B is decided so as to satisfy following features (2) to (6).
[Feature (2)]

In the color filter array 22, the G filter 23G is disposed in
each filter line in the horizontal (H), vertical (V) and oblique
(NE, NW) directions. Here, NE means the diagonally upper
light (lower left) direction and corresponds to one direction of
a third direction and a fourth direction of the present inven-
tion. Moreover, NW means the diagonally lower right (upper
left) direction and corresponds to another direction of the
third direction and fourth direction of the present invention.
Since RGB filters 23R, 23G and 23B are square shapes, the
NE direction and the NW direction are directions of 45° with
respect to the horizontal direction and the vertical direction
respectively. Here, this angle may increase or decrease
according to an increase or decrease in the length of each side
in the horizontal direction and vertical direction of the RGB
filters 23R, 23G and 23B. For example, in a case where a color
filter of a rectangle shape different from the square shape is
used, the diagonal line directions are the oblique direction
(NE and NW directions). Here, even if the color filter has the
rectangle shape different from the square shape, in a case
where this color filter or a pixel is disposed in a square grid
shape, the NE direction and the NW direction are directions
of'45° with respect to the horizontal direction and the vertical
direction respectively. In addition, in a case where multiple
pixels and color filters are arrayed in a rectangular grid shape,
the diagonal line direction of the rectangular lattice corre-
sponds to the oblique directions (NE and NW directions).

As for the G color, the contribution ratio to acquire a
brightness (Y) signal (above-mentioned brightness data) is
higher than that of the R color and the B color. That is, the
contribution ratio in the R color and the B color is lower than
that of the G color. When a specific explanation is given, the
image processing unit 16 mentioned above generates a Y
signal from RGB pixel signals having color information on all
of'the RGB pixels, according to following equation (1). Fol-
lowing equation (1) is an equation generally used to generate
theY signal in the color imaging element 12. In this equation
(1), since the contribution ratio of the G color to a brightness
signal becomes 60%, the G color has a higher contribution
ratio than that of the R color (contribution ratio of 30%) and
the B color (contribution ratio of 10%). Therefore, the G color
is a color that most contributes to the brightness signal among
three primary colors.

Y=0.3R+0.6G+0.1B Equation (1)

Since such the G filter 23G is disposed in each filter line of
the horizontal (H), vertical (V) and oblique (NE, NW) direc-
tions of the color filter array 22, it is possible to improve the
reproduction precision of demosaicing process in a high-
frequency area without depending on the direction of high
frequency in an input image.

[Feature (3)]

The numbers of pixels of the R pixel, G pixel and B pixel
corresponding to the RGB filters 23R, 23G and 23B in the
basic array pattern P1 are 5 pixels, 15 pixels and 5 pixels
respectively. Therefore, since the ratio of the respective pixel
numbers of the RGB pixels is 1:3:1, the ratio of the pixel
number of the G pixel that most contributes to acquire a
brightness signal is higher than the ratio of the respective
pixel numbers of the R pixel and the B pixel.



US 9,324,749 B2

11

Thus, since the ratio of the pixel number of the G pixel and
the ratios of respective pixel numbers of the R and B pixels are
different, especially, since the ratio of the pixel number of the
G pixel that most contributes to acquire the brightness signal
is made larger than the ratios of respective pixel numbers of
the R and B pixels, it is possible to suppress aliasing at the
time of demosaicing process and improve the high-frequency
reproducibility.

[Feature (4)]

One R filter 23R and one B filter 23B are disposed in each
filter line in the horizontal direction (H) and vertical direction
(V) of the color filter array 22 in the basic array pattern P1.

Since the R filter 23R and the B filter 23B are disposed in
each filter line in the horizontal direction (H) and vertical
direction (V) ofthe color filter array 22, it is possibleto reduce
occurrence of color moire (false color). By this means, it is
possible not to dispose an optical low-pass filter to suppress
the occurrence of the false color in an optical path from the
incident surface of the imaging optical system 10 to the imag-
ing surface of the color imaging element 12, or, even in a case
where the optical low-pass filter is applied, it is possible to
apply the one whose function to cut the high-frequency com-
ponent is weak to prevent the occurrence of the false color.
Alternatively, the optical low-pass filter may not be provided.
As aresult, it is possible to prevent resolution from deterio-
rating.

[Feature (5)]

The G filter 23G or the B filter 23B is adjacently disposed
in each direction (which is arbitrarily abbreviated as “each
direction (H, V, NE and NW)” below) of the horizontal (H),
vertical (V) and oblique (NE, NW) directions of the R filter
23R that satisfies above-mentioned feature (4). Moreover, the
G filter 23G or the R filter 23R is adjacently disposed in each
direction (H, V, NE, NW) of the B filter 23B that satisfies
above-mentioned feature (4). Therefore, filters of different
colors are adjacently disposed in each direction (H, V, NE,
NW) of the RB filters 23R and 23B (feature (5)). That is, the
R filters 23R of the identical color or the B filters 23B of the
identical color are not adjacently disposed in each direction
(H, V, NE, NW).

To satisfy above-mentioned features (4) and (5), in the
color filter array 22, the RB filters 23R and 23B in the basic
array pattern P1 are shifted every line of the filter lines 25a to
25¢ in the horizontal direction and disposed. Specifically, the
RB filters 23R and 23B are adjacently disposed in the hori-
zontal direction in any of respective filter lines 25a to 25e, for
example, the filter line 254 and disposed. Further, the RB
filters 23R and 23B in the filter line 255 are shifted by two-
pixel interval in the horizontal direction with respect to the
RB filters 23R and 23B in the filter line 25 and disposed. In the
following, similarly, the positions of the RB filters 23R and
23B are shifted by two-pixel interval in the same direction in
order from the filter array 254 to the filter array 25¢ and
disposed. Here, “pixel interval” denotes a pixel interval
(pitch) from the central point of a reference pixel (one pixel)
to the central point of an adjacent pixel.

By such disposition of the RB filters 23R and 23B, as
illustrated in FIG. 5, the color filter array 22 includes oblique
filter lines 27R and 27B formed by disposing the RB filters
23R and 23B at regular intervals along filter lines L. and L,
in the oblique direction. The oblique filter lines 27R and 27B
are adjacent to the oblique direction, and these adjacent
oblique filter lines 27R and 27B are disposed at regular inter-
vals in the vertical direction (V) in the color filter array 22.

InFIG. 6 thatenlarges a part in FIG. 5, the filter lines L, and
Lz in the oblique direction that is the fifth direction of the
present invention are inclined by 8° with respect to the hori-
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zontal direction (H). This 0 is expressed by equation (2) listed
below. In equation (2) listed below, “pixel interval number in
vertical direction” and “pixel interval number in horizontal
direction” denote the pixel interval numbers in the horizontal
direction and vertical direction of the R filter 23R or the pixel
interval numbers in the horizontal direction or vertical direc-
tion of the B filter 23B.

0=tan~!(pixel interval number in vertical direction/
pixel interval number in horizontal direction)

=tan™'(V2)~26°

Returning back to FIG. 5, in the color filter array 22, the
oblique filter lines 27R and 27B are disposed at regular inter-
vals along the vertical direction (V). As a result, in the color
filter array 22, the RB filters 23R and 23B are equally (includ-
ing “almost equally”) disposed.

Thus, in case where the RB filters 23R and 23B are dis-
posed in the color filter array 22 so as to satisfy above-
mentioned features (4) and (5), the RB filters 23R and 23B are
equally disposed in the color filter array 22. By this means, it
is possible to accurately perform demosaicing processing of
the R pixel and the B pixel.

[Feature (6)]

Moreover, in a case where the RB filters 23R and 23B are
disposed in the color filter array 22 to satisfy above-men-
tioned features (4) and (5), one or more RB filters 23R and
23B are disposed on filter lines in the oblique directions (NE,
NW) of the color filter array 22. That is, in each oblique
direction (NE, NW), a filter line including the R filter 23R and
the B filter 23B is disposed adjacently and periodically. Here,
to make the filter lines adjacent in the oblique direction means
that, in a case where a filter of a square shape whose length of
one side is 1 is used, the interval between the filter lines is a
V2/2-pixel interval.

Since the RB filters 23R and 23B are disposed in filter lines
in the oblique directions (NE, NW), as compared with a case
where only above-mentioned feature (4) is satisfied, it is
possible to reduce color moire (false color) that may be
caused by an input image having the high-frequency compo-
nent in the oblique directions (NE, NW). By this means, even
if an optical low-pass filter having anisotropy in the oblique
(NE, NW) directions is not disposed between the imaging
optical system 10 and an imaging surface, it is possible to
reproduce an image in which the color moire (false color) that
may be caused by the input image having the high-frequency
component in the oblique directions is suppressed, or, even in
acase where the optical low-pass filter is applied, it is possible
to suppress specific color moire (false color) by the one whose
function to cur the high-frequency component is weak to
prevent the occurrence of the false color. Alternatively, the
optical low-pass filter may not be provided. As a result, it is
possible to prevent resolution in the oblique directions from
deteriorating.

[Other Features]

As illustrated in FIG. 7, when a basic array pattern shifting
the basic array pattern P1 by one pixel in the horizontal
direction (H) and the vertical direction (V) is assumed to be
P1' and a basic array pattern shifting it by two pixels in the
horizontal direction (H) and the vertical direction (V) is
assumed to be P1", even if these basic array patterns P1' and
P1" are repeatedly disposed in the horizontal direction (H)
and the vertical direction (V), the same color filter array 22 is
provided. Thus, there are multiple basic array patterns that
can form the color filter array 22 illustrated in FIG. 3. In the
first embodiment, the basic array pattern P1 illustrated in
FIGS. 3 and 4 is referred to as “basic array pattern” for
convenience sake.

Equation (2)
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As described above, since the color filter array 22 of the
present invention has features (1) to (6), it is possible to
simplify demosaicing processing in the subsequent stage,
improve the reproduction precision of demosaicing process-
ing in a high-frequency area, suppress the aliasing at the time
of demosaicing processing and improve the high-frequency
reproducibility, improve the accuracy of demosaicing pro-
cessing of the R pixel and the B pixel, and realize high
resolution.

[Color Imaging Element of Second Embodiment]

Next, the color imaging element of the second embodiment
of the present invention is described using FIG. 8. Here, the
color imaging element of the second embodiment has basi-
cally the same configuration as that of the above-mentioned
first embodiment except for that it includes a color filter array
30 having following features (5a) and (7) instead of above-
mentioned features (5) and (6). Therefore, regarding what has
the same function or configuration as that of the above-men-
tioned first embodiment, the same reference numeral is
assigned and explanation thereof is omitted.

[Color Filter Array of Second Embodiment]

The color filter array 30 includes a basic array pattern P2
formed by arraying RGB filters 23R, 23G and 23B in an array
pattern corresponding to 5x5 pixels, and this basic array
pattern P2 is repeatedly disposed in the horizontal direction
(H) and the vertical direction (V). Therefore, the color filter
array 30 has above-mentioned feature (1).

One or more G filters 23G are disposed in each filter line in
the horizontal (H), vertical (V) and oblique (NE, NW) direc-
tions of the color filter array 30. Moreover, similar to the first
embodiment, the ratio of respective pixel numbers of RGB
pixels in the basic array pattern P2 becomes 1:3:1. In addition,
one or more R filters 23R and B filters 23B are disposed in
each filter line in the horizontal direction (H) and vertical
direction (V) of the color filter array 30 in the basic array
pattern P2. Therefore, the color filter array 30 has above-
mentioned features (2) to (4).

[Feature (5a)]

Filters of different colors are adjacently disposed in each
direction (H, V, NE, NW) of the R filter 23R in the color filter
array 30, but the B filter 23B of the same color is disposed in
the oblique directions (NE, NW) of the B filter 23B.

As illustrated in FIG. 9, in the color filter array 30 that
satisfies above-mentioned features (4) and (5a), an oblique
filter line 27R formed by disposing the R filter 23R at regular
intervals along a filter line Lz of the oblique direction is
disposed at regular intervals along the vertical direction (V).
As aresult, since the R filters 23R are equally disposed in the
color filter array 30, it is possible to accurately perform demo-
saicing processing of the R pixel.

[Feature (7)]

Returning back to FIG. 8, the basic array pattern P2 of the
color filter array 30 having above-mentioned features (2) to
(4) and (52) includes a square array 32 corresponding to 2x2
pixels in which the G filter 23G is provided.

By extracting 2x2 G pixels corresponding to such the
square array 32 and calculating the difference absolute value
of'the pixel value of the G pixel in the horizontal direction (H),
the difference absolute value of the pixel value of the G pixel
in the vertical direction (V) and the difference absolute value
of'the pixel value of the G pixel in the oblique directions (NE,
NW), it is possible to determine that there is a correlation in a
direction with the smaller difference absolute value among
the horizontal direction (H), the vertical direction (V) and the
oblique directions (NE, NW). As a result, in the color filter
array 30, it is possible to determine a direction with the higher
correlation among the horizontal direction (H), the vertical
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direction (V) and the oblique directions (NE, NW) by the use
of information on G pixels of the minimum pixel interval.
This direction determination result can be used for processing
(demosaicing processing) that performs interpolation from
surrounding pixels. Here, in this case, for example, a direction
determination processing unit may be provided in the above-
mentioned demosaicing processing circuit (image processing
unit 16) and the direction determination may be performed in
this direction determination processing unit.

As described above, since the color filter array 30 of the
present invention has features (5a) and (7) in addition to
above-mentioned features (1) to (4), it is possible to simplify
demosaicing processing in the subsequent stage, improve the
reproduction precision of demosaicing processing in a high-
frequency area, suppress the aliasing at the time of demosa-
icing processing and improve the high-frequency reproduc-
ibility, realize high resolution, improve the accuracy of
demosaicing processing of the R pixel and determine a direc-
tion with the higher correlation.

[Color Filter Array of 2-1st Embodiment]

A color filter array having above-mentioned features (1) to
(4), (52) and (7) is not limited to the one having the array
pattern illustrated in FIG. 8 and may be arbitrarily changed
within a range that satisfies these features.

As illustrated in FIG. 10, a color filter array 34 is formed by
repeatedly disposing a basic array pattern P3 different from
the basic array pattern P2 in the horizontal direction (H) and
the vertical direction (V). The basic array pattern P3 is basi-
cally the same as the basic array pattern P2 except for that the
disposition of the G filter 23G and the B filter 23B is different
in the part shown by hatching in the figure. Therefore, the
color filter array 34 has features (1) to (4), (5a) and (7)
similarly to the above-mentioned color filter array 30, and the
effect similar to that of the color filter array 30 can be
acquired.

[Color Filter Array of 2-2nd and 2-3rd Embodiments]

In the above-mentioned color filter arrays 30 and 34, filters
of different colors are adjacently disposed in each direction
(H, V, NE, NW) of the R filter 23R, but filters of different
colors may be adjacently disposed in each direction (H, V,
NE, NW) of the B filter 23B. In this case, the color filter array
is formed with a basic array pattern P2' (see F1G. 11) orabasic
array pattern P3' (see FIG. 12).

The basic array pattern P2' illustrated in FIG. 11 is an array
pattern that reverses the disposition of the R filter 23R and the
B filter 23B in the basic array pattern P2. Moreover, the basic
array pattern P3' illustrated in FIG. 12 is an array pattern that
reverses the disposition of the R filter 23R and the B filter 23B
in the basic array pattern P3. Therefore, in the color filter
array formed with the basic array pattern P2' or P3', filters of
different colors are adjacently disposed in each direction (H,
V, NE, NW) of the B filter 23B, but the R filters 23R of the
same color are adjacently disposed in the oblique (NE, NW)
directions of the R filter 23R (feature (5b)).

Thus, since the color filter array formed with the basic
array pattern P2' or P3' has features (1) to (4), (5b) and (7), it
is possibleto acquire the effect similar to that ofthe color filter
array of the second embodiment except for that it is possible
to improve the accuracy of demosaicing processing of the B
pixel instead of the R pixel.
<Condition of First Filter (First Color)>

In each above-mentioned embodiment, an explanation is
given using an example of the G filter 23G of the G color as
the first filter having the first color of the present invention,
but the same effect can be acquired even by using a filter that
satisfies any of following conditions (1) to (4) instead ofthe G
filter 23G or instead of part of the G filter 23G.
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[Condition (1)]

Condition (1) is that the contribution ratio to acquire a
brightness signal is 50% or more. This contribution ratio 50%
is a value defined to distinguish the first color (such as the G
color) and the second color (such as the R and B colors) of the
present invention, which is a value defined such that a color
whose contribution ratio to acquire brightness data is rela-
tively higher than the R color and the B color is included in the
“first color”. Since the contribution ratio of the G color
becomes 60% as shown in above-mentioned equation (1),
condition (1) is satisfied. Moreover, the contribution ratios of
other colors than the G color can also be acquired by experi-
ment or simulation. Therefore, a filter having a color whose
contribution ratio is 50% or more excluding the G color can be
used as the first filter of the present invention. Here, a color
whose contribution ratio is less than 50% becomes the second
color (such as the R color and the B color) of the present
invention, and a filter having this color becomes the second
filter of the present invention.

[Condition (2)]

Condition (2) is that the peak of the transmittance of a filter
is within a wavelength range from 480 or more nm to 570 nm
or less. As for the transmittance of the filter, for example, a
value measured by a spectrophotometer is used. This wave-
length range is a range defined to distinguish the first color
(such as the G color) and the second color (such as the R and
B colors) of the present invention, which is a range defined
such that the peak of the R color or B color whose contribution
ratio mentioned above is relatively low is not included and the
peak of the G color whose contribution ratio is relatively high
is included. Therefore, a filter in which the peak of transmit-
tance is within a wavelength range from 480 nm or more to
570 nm or less can be used as the first filter. Here, a filter in
which the peak of transmittance is outside the wavelength
range from 480 nm or more to 570 nm or less becomes the
second filter (R filter 23R and B filter 23B) of the present
invention.

[Condition (3)]

Condition (3) is that the transmittance within a wavelength
range from equal to or greater than 500 nm to equal to or less
than 560 nm (from 500 nm or more to 560 nm or less) is higher
than the transmittance of the second filter (R filter 23R and B
filter 23B). Even in this condition (3), as for the filter trans-
mittance, for example, a value measured by a spectrophotom-
eter is used. The wavelength range of this condition (3) is a
range defined to distinguish the first color (such as the G
color) and the second color (such as the R and B colors) of the
present invention, and denotes a range in which the transmit-
tance of a filter having a color whose contribution ratio men-
tioned above is relatively higher than the R color and the B
color is higher than the transmittance of the RB filters 23R
and 23B. Therefore, a filter in which the transmittance is
relatively high within a wavelength range from equal to or
greater than 500 nm to equal to or less than 560 nm can be
used as the first filter, and a filter in which the transmittance is
relatively low can be used as the second filter.

[Condition (4)]

Condition (4) is that filters of two or more colors including
a color that most contributes to a brightness signal among
three primary colors (for example, the G color of RGB)and a
color different from these three primary colors can be used as
the first filter. In this case, a filter corresponding to a color
different from each color of the first filter becomes the second
filter.

[Color Imaging Element of Third Embodiment]

Next, the color imaging element of the third embodiment
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color imaging element of the third embodiment has basically
the same configuration as the above-mentioned first embodi-
ment except for that it includes a white pixel (which may be
called a clear pixel) that receives white light (light of a wave-
length region of visible light) besides RGB pixels. Therefore,
regarding what has the same function or configuration as that
of the above-mentioned first embodiment, the same reference
numeral is assigned and explanation thereof is omitted.
[Color Filter Array of Third Embodiment]

The color imaging element of the third embodiment
includes a color filter array 36 different from that of the first
embodiment. The color filter array 36 includes a basic array
pattern P4 in which the above-mentioned RGB filters 23R,
23G and 23B, and a transparent filter 23W (first filter) are
arrayed in an array pattern corresponding to 5x5 pixels, and
this basic array pattern P4 is repeatedly disposed in the hori-
zontal and vertical directions (H, V). Therefore, the color
filter array 36 has above-mentioned feature (1).

The basic array pattern P4 has an array pattern in which
part of the G filters 23G of the basic array pattern P1 is
replaced with the transparent filter 23W. For example, the G
filter 23G adjacent to other G filters 23G in the horizontal and
vertical directions (H, V) is replaced with the transparent filter
23W. By this means, it is possible to realize high sensitivity,
and, even if the pixel size is miniaturized by leaving the G
pixel, it is possible to suppress the degradation of color repro-
ducibility.

The transparent filter 23W is a filter of a transparent color
(first color). The transparent filter 23W can transmit light
corresponding to the wavelength region of visible light, and,
for example, denotes a filter in which the light transmittance
of'each color of RGB is 50% or more. Since the transmittance
of' the transparent filter 23W is higher than that of the G filter
23G@, the contribution ratio to acquire a brightness signal is
also higher than the G color (60%), and above-mentioned
condition (1) is satisfied.

In FIG. 14 that illustrates the spectral sensitivity character-
istic of the color filter array 36, the transmittance peak of the
transparent filter 23W (sensibility peak of the white pixel) is
within a wavelength range from equal to or greater than 480
nm to equal to or less than 570 nm (from 480 nm or more to
570 nm or less). Moreover, the transmittance of the transpar-
ent filter 23W is higher than the transmittances of the RB
filters 23R and 23B within a wavelength range from equal to
or greater than 500 nm to equal to or less than 560 nm (from
500 nm or more to 560 nm or less). Therefore, the transparent
filter 23W satisfies above-mentioned conditions (2) and (3).
Here, similarly to the transparent filter 23W, even the G filter
23G satisfies above-mentioned conditions (1) to (3).

Thus, since the transparent filter 23W satisfies above-men-
tioned conditions (1) to (3), it is possible to use it as the first
filter of the present invention. Here, in the color filter array 36,
since part of the G filter 23G corresponding to the G color that
most contributes to a brightness signal among three primary
colors of RGB is replaced with the transparent filter 23W,
above-mentioned condition (4) is satisfied.

Returning to FIG. 13, as described above, since the color
filter array 36 is basically the same as the color filter array 22
of'the first embodiment except for that part of the G filter 23G
is replaced with the transparent filter 23 W, it has features (2)
to (6) similarly to the first embodiment. Therefore, it is pos-
sible to acquire the effect similar to the effect described in the
first embodiment.

Here, the disposition and number of the transparent filters
23W are not limited to the embodiment illustrated in FIG. 13
and may be arbitrarily changed. In this case, if one or more
first filters including the G filter 23G and the transparent filter
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23W are included in the filter line of each direction of the
horizontal direction (H), vertical direction (V) and oblique
directions (NE, NW) of the color filter array 36, above-men-
tioned feature (2) is satisfied.

[Color Imaging Element of Fourth Embodiment]

Next, the color imaging element of the fourth embodiment
of'the present invention is described using FIG. 15. Here, the
color imaging element of the fourth embodiment has basi-
cally the same configuration as that of above-mentioned first
embodiment except for that it includes two kinds of G pixels.
Therefore, regarding what has the same function or configu-
ration as that of the above-mentioned first embodiment, the
same reference numeral is assigned and explanation thereofis
omitted.

[Color Filter Array of Fourth Embodiment]

The color imaging element of the fourth embodiment
includes a color filter array 40 different from that of the first
embodiment. The color filter array 40 includes a basic array
pattern P5 in which the R filter 23R, a first G filter 23G1 and
a second G filter 23G2 (first filter) and the B filter 23B are
arrayed in an array pattern corresponding to 5x5 pixels, and
this basic array pattern P5 is repeatedly disposed in the hori-
zontal and vertical directions (H, V). Therefore, the color
filter array 40 has above-mentioned feature (1).

The basic array pattern P5 has an array pattern in which
each G filter 23G of the basic array pattern P1 of the first
embodiment is replaced with the first G filter 23G1 or the
second G filter 23G2. For example, in the present embodi-
ment, a first G filter 23G1 is disposed in filter lines of the odd
numbers in the horizontal direction, and a second G filter
23G2 is disposed in filter lines of the even numbers in the
horizontal direction.

The first G filter 23G1 transmits the G light of the first
wavelength band, and the second G filter 23G2 transmits the
G light of the second wavelength band having high correla-
tion with the first G filter 23G1 (see FIG. 16). As the first G
filter 23G1, it is possible to use an existing G filter (for
example, G filter 23G of the first embodiment). Moreover, as
the second G filter 23G2, it is possible to use a filter having
high correlation with the first G filter 23G1. In this case, it is
desirable that, for example, the peak value of the spectral
sensitivity curve of the second G filter 23G2 is in a wave-
length range from 500 nm to 535 nm (near the peak value of
the spectral sensitivity curve of the existing G filter). Here, as
a method of deciding color filters of four colors (R, G1, G2,
B), for example, the method described in Japanese Patent
Application Laid-Open No. 2003-284084 is used.

Thus, by assuming image colors acquired by the color
imaging element of the fourth embodiment to be four kinds
and adding acquired color information, it is possible to
express colors more accurately as compared with a case
where only three kinds of colors (RGB) are acquired. That is,
acolor seen as the different one by the eyes can be reproduced
as the different color, and a color seen as the same one by the
eyes can be reproduced as the same color (improve “discrimi-
nation of colors™).

Since the transmittances of the first and second G filters
23G1 and 23G2 are basically the same as the transmittance of
the G filter 23G of'the first embodiment, the contribution ratio
to acquire a brightness signal becomes higher than 50%.
Therefore, the first and second G filters 23G1 and 23G2
satisfy above-mentioned condition (1).

Moreover, in F1G. 16 that illustrates the spectral sensitivity
characteristic of the color filter array 40, the transmittance
peak of each of the G filters 23G1 and 23G2 (sensibility peak
of'each G pixel) is within a wavelength range from equal to or
greater than 480 nm to equal to or less than 570 nm (from 480
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nmor more to 570 nm or less). Furthermore, the transmittance
of'each of the G filters 23G1 and 23G2 becomes higher than
the transmittances of the RB filters 23R and 23B within a
wavelength range from equal to or greater than 500 nm to
equal to or less than 560 nm (from 500 nm or more to 560 nm
or less). Therefore, each of the G filters 23G1 and 23G2
satisfies above-mentioned conditions (2) and (3) too.

Returning back to FIG. 15, since the color filter array 40 is
basically the same as the color filter array 22 of the first
embodiment except for that it includes each of the G filters
23G1 and 23(G2, it has above-mentioned features (2) to (6)
similarly to the first embodiment. Therefore, it is possible to
acquire the effect similar to the effect described in the first
embodiment.

Here, the disposition and number of G filters 23G1 and
23@G2 are not limited to the embodiment illustrated in FIG. 15
and may be arbitrarily changed. Moreover, the G filter kind
may be increased to three kinds or more.

[Color Imaging Element of Fifth Embodiment]

Next, the color imaging element of the fifth embodiment of
the present invention is described using FIG. 17. Here, the
color imaging element of the fifth embodiment has basically
the same configuration as that of the above-mentioned first
embodiment except for that it includes the E pixel that
receives light of the emerald (E) color corresponding to the
fourth color of the present invention besides RGB pixels.
Therefore, regarding what has the same function or configu-
ration as that of the above-mentioned first embodiment, the
same reference numeral is assigned and explanation thereofis
omitted.

[Color Filter Array of Fifth Embodiment]

The color imaging element of the fifth embodiment
includes a color filter array 44 different from that of the first
embodiment. The color filter array 44 includes a basic array
pattern P6 in which the above-mentioned RGB filters 23R,
23G and 23B and an E filter 23E (first filter) are arrayed in an
array pattern corresponding to 5x5 pixels, and this basic array
pattern P6 is repeatedly disposed in the horizontal and vertical
directions (H, V). Therefore, the color filter array 44 has
above-mentioned feature (1).

The basic array pattern P6 has an array pattern in which the
transparent filter 23W of'the basic array pattern P4 of the third
embodiment illustrated in FIG. 13 is replaced with the E filter
23E. Thus, by using the color filter array 44 of four colors in
which part of the G filter 23G is replaced with the E filter 23E,
it is possible to improve the reproduction of the high-fre-
quency component of brightness, reduce the jagginess and
improve the resolution feeling.

In FIG. 18 that illustrates the spectral sensitivity character-
istic of the color filter array 44, the transmittance peak of the
E filter 23E (sensibility peak of the E pixel) is within a
wavelength range from equal to or greater than 480 nm to
equal to or less than 570 nm. Moreover, the transmittance of
the E filter 23E becomes higher than the transmittances of the
RB filters 23R and 23B within a wavelength range from equal
to or greater than 500 nm to equal to or less than 560 nm.
Therefore, the E filter 23E satisfies above-mentioned condi-
tions (2) and (3). Moreover, in the color filter array 44, since
part of the G filter 23G corresponding to the G color that most
contributes to a brightness signal among three primary colors
of RGB is replaced with the E filter 23E, it satisfies above-
mentioned condition (4).

Here, the spectral characteristic illustrated in FIG. 18 has a
peak on the shorter wavelength side than the G filter 23G, but
there may be a case where it has the peak on the longer
wavelength side than the G filter 23G (it is seen as a color
slightly close to yellow). Thus, as the E filter 23E, it is pos-
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sible to arbitrarily select the one that satisfies each condition
of the present invention, and, for example, it is also possible
to select the E filter 23E that satisfies condition (1).

Returning to FIG. 17, as described above, since the color
filter array 44 is basically the same as the color filter array 22
of'the first embodiment except for that part of the G filter 23G
is replaced with the E filter 23E, it has features (2) to (6)
similarly to the first embodiment. Therefore, it is possible to
acquire the effect similar to the effect described in the first
embodiment.

Here, the disposition and number of E filters 23E may be
changed to the disposition and number different from those of
the embodiment illustrated in FIG. 17. In this case, if one or
more first filters including the G filter 23G and the E filter 23E
are included in the filter line of each direction of the horizon-
tal direction (H), vertical direction (V) and oblique directions
(NE, NW) of the color filter array 44, above-mentioned fea-
ture (2) is satisfied.

Moreover, the E filter 23E is used as the first filter of the
present invention in the above-mentioned fifth embodiment,
but, for example, there is the one that does not satisfy above-
mentioned conditions (1) to (4) among E filters 23E. There-
fore, such an E filter 23E may be used as the second filter of
the present invention.

[Others]

The basic array pattern of each color filter array of each
embodiment described above is arrayed in an array pattern
corresponding to 5x5 pixels, for example, it may be arrayed in
an array pattern corresponding to 7x7 pixels like a basic array
pattern P7 of a color filter array 48 illustrated in FIG. 19 and
a basic array pattern P8 of a color filter array 50 illustrated in
FIG. 20.

The basic array pattern P7 is basically the same as the basic
array pattern P1 except for that the basic array pattern P1 of
the first embodiment is expanded to 7x7 pixels, and it further
includes the above-mentioned square array 32. Therefore, the
color filter array 48 has above-mentioned features (1) to (7).

The basic array pattern P8 is basically the same as the basic
array pattern P2 except for that the basic array pattern P2 of
the second embodiment is expanded to 7x7 pixels. Therefore,
the color filter array 50 has features (1) to (4), (5a) and (7)
similarly to the color filter array 30 of the second embodi-
ment.

Here, even the basic array patterns P3 to P6 of the above-
mentioned 2-1st to fifth embodiments may be arrayed in an
array pattern corresponding to 7x7 pixels though the illustra-
tion is omitted. In addition, the basic array pattern of each
embodiment may be arrayed in an array pattern correspond-
ing to 9x9 pixels, that is, the basic array pattern may be
arrayed in an array pattern corresponding to NxN (N is an odd
number equal to or greater than 5) pixels. However, while
signal processing such as demosaicing becomes complicated
if N is increased, a special effect by enlarging the size of the
basic array pattern cannot be acquired. Therefore, from the
viewpoint to prevent the signal processing from becoming
complicated, it is preferable that the size of the basic array
pattern is equal to or less than 7x7 pixels, and, from the
viewpoint to simplify the signal processing, it is more pref-
erable that the basic array pattern corresponds to 5x5 pixels.

Each color filter array of each embodiment described
above includes a basic array pattern in which the color filter of
each color is two-dimensionally arrayed in the horizontal
direction (H) and the vertical direction (V) and which is
formed by repeatedly disposing this basic array pattern in the
horizontal direction (H) and the vertical direction (V), but the
present invention is not limited to this.
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For example, like a color filter array 52 illustrated in FIG.
21, it may be an array pattern which includes a basic array
pattern P9 of a so-called honeycomb array shape formed by
two-dimensionally arraying the RGB filters 23R, 23G and
23B in the oblique directions (NE, NW) and which is formed
by repeatedly disposing the basic array pattern P9 in the
oblique directions (NE, NW). In this case, the oblique direc-
tions (NE, NW) become the first and second directions of the
present invention, and the horizontal and vertical directions
(H, V) become the third and fourth directions of the present
invention.

Since such the color filter array 52 is an array pattern in
which the color filter array 22 of the first embodiment is
rotated by 45° around the optical axis of the imaging optical
system 10, it has features (1) to (6) similarly to the above-
mentioned first embodiment. Here, even regarding the above-
mentioned basic array patterns P2 to P8, the honeycomb array
may be similarly applied though the illustration is omitted.

A color filter array formed with color filters of primary
colors RGB has been described in the above-mentioned first
embodiment and so on, but, for example, the present inven-
tion is applicable evento a color filter array of complementary
color filters of four colors adding G to C (cyan), M (magenta),
and Y (yellow) which are complementary colors of primary
colors RGB. Even in this case, a color filter that satisfies any
of above-mentioned conditions (1) to (4) is assumed to be the
first filter of the present invention and the other color filters
are assumed to be the second filter.

Here, it is needless to say that the color filter array of the
color imaging element of the present invention is not limited
to the abovementioned embodiments and various changes are
possible without departing from the spirit of the present
invention. For example, the color filter arrays of the above-
mentioned respective embodiments may be arbitrarily com-
bined. Moreover, a combination of at least two kinds among
the G filter 23G, the transparent filter 23W, the first and
second G filters 23G1 and 23G2, the E filter 23E and so on
may be used as the first filter of the present invention, or other
color filters that satisty any of above-mentioned conditions
(1) to (4) may be used. In addition, other color filters than the
RB filters 23R and 23B may be used as the second filter of the
present invention.

A color imaging element mounted to a digital camera has
been described in the above-mentioned respective embodi-
ments, but the present invention is applicable to a color imag-
ing element mounted to various kinds of electronic equipment
(imaging devices) having a photograph function such as a
smart phone, a mobile telephone and a PDA.

What is claimed is:

1. A single-plate color imaging element including:

multiple pixels including photoelectric conversion ele-
ments arrayed in a first direction and a second direction
which is perpendicular to the first direction; and

color filters which are respectively arrayed on the multiple
pixels,

wherein: an array of the color filters includes a basic array
pattern in which the color filters are arrayed in an array
pattern corresponding to NxN (N is an odd number
equal to or greater than 5) pixels in the first direction and
the second direction, and the array is formed by repeat-
edly disposing the basic array pattern in the first direc-
tion and the second direction;

the color filters include first filters which are green filters
and second filters which are red and blue filters, a ratio of
the first filters to the total number of filters is larger than
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a ratio of the second filters to the total number of filters,
and the array of the color filters comprises only red,
green, and blue filters;

one or more first filters are disposed in each filter line in
each direction including the first direction, the second
direction, and a third direction and a fourth direction that
incline to the first direction and the second direction, in
the array of the color filters;

second filters of each color of the second colors are dis-
posed in each filter line in the first direction and the
second direction in the basic array pattern one by one;
and

each color filter adjacently disposed in the first through
fourth directions to each second filter of a particular
second color in the basic array pattern is either a first
filter or a second filter of a second color different from
the particular second color.

2. The color imaging element according to claim 1,

wherein, in each direction of the second filter of one color
among each color of the second colors in the basic array
pattern, the second filter of a different color from that
second filter or the first filter is adjacently disposed.

3. The color imaging element according to claim 2,

wherein the basic array pattern includes a 2x2 array of
green filters.

4. The color imaging element according to claim 2,

wherein, when a direction different from the first direction
by 6° shown by an equation (1) is assumed to be a fifth
direction, oblique filter arrays formed by disposing the
second filters of one color among each color of the
second colors at regular intervals along the fifth direc-
tion, are disposed at regular intervals along the second
direction

O=tan~(15). Equation (1)

5. The color imaging element according to claim 1,

wherein, when the color filter is a square shape, the third
direction and the fourth direction are different by 45°
with respect to the first direction and the second direc-
tion respectively.

6. A single-plate color imaging element including:

multiple pixels including photoelectric conversion ele-
ments arrayed in a first direction and a second direction
which is perpendicular to the first direction; and

color filters which are respectively arrayed on the multiple
pixels,

wherein: an array of the color filters includes a basic array
pattern in which the color filters are arrayed in an array
pattern corresponding to NxN (N is an odd number
equal to or greater than 5) pixels in the first direction and
the second direction, and the array is formed by repeat-
edly disposing the basic array pattern in the first direc-
tion and the second direction;

the color filters include first filters corresponding to a first
color whose transmittance peak is within a wavelength
range from 480 nm to 570 nm, and second filters corre-
sponding to second colors of two or more colors whose
transmittance peak is outside the range, and a ratio of the

25

30

40

45

22

first filters to a total number of filters is larger than a ratio
of the second filters to the total number of filters;

one or more first filters are disposed in each filter line in
each direction including the first direction, the second
direction, and a third direction and a fourth direction that
incline to the first direction and the second direction, in
the array of the color filters;

second filters of each color of the second colors are dis-
posed in each filter line in the first direction and the
second direction in the basic array pattern one by one;
and

each color filter adjacently disposed in the first through
fourth directions to each second filter of a particular
second color in the basic array pattern is either a first
filter or a second filter of a second color different from
the particular second color.

7. A single-plate color imaging element including:

multiple pixels including photoelectric conversion ele-
ments arrayed in a first direction and a second direction
which is perpendicular to the first direction; and

color filters which are respectively arrayed on the multiple
pixels,

wherein: an array of the color filters includes a basic array
pattern in which the color filters are arrayed in an array
pattern corresponding to NxN (N is an odd number
equal to or greater than 5) pixels in the first direction and
the second direction, and the array is formed by repeat-
edly disposing the basic array pattern in the first direc-
tion and the second direction;

the color filters include first filters corresponding to a first
color and second filters corresponding to second colors
of two or more colors whose transmittance is lower than
that of the first filters within a wavelength range from
500 nm to 560 nm, and a ratio of the first filters to a total
number of filters is larger than a ratio of the second filters
to the total number of filters;

one or more first filters are disposed in each filter line in
each direction including the first direction, the second
direction, and a third direction and a fourth direction that
incline to the first direction and the second direction, in
the array of the color filters;

second filters of each color of the second colors are dis-
posed in each filter line in the first direction and the
second direction in the basic array pattern one by one;
and

each color filter adjacently disposed in the first through
fourth directions to each second filter of a particular
second color in the basic array pattern is either a first
filter or a second filter of a second color different from
the particular second color.

8. An imaging device comprising:

an imaging optical system;

a color imaging element in which an object image is
formed through the imaging optical system; and

an image data generation unit configured to generate image
data of the formed object image,

wherein the color imaging element is the color imaging
element according to claim 1.
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